Blood was sampled from nine healthy subjects weekly for 10 weeks, under controlled conditions. Eighteen serum constituents were measured in duplicate in each sample on a single occasion. In this way analytic variation was minimized. Considerable variations in mean values and standard deviations of results were observed among the subjects. Physiological control of serum calcium and magnesium concentrations appeared to be more precise than duplicate determinations in the laboratory. Compared with a previous study from this laboratory, significantly different estimates of personal variation were noted for sodium, chloride, urea nitrogen, cholesterol, and LDH in a group matched by age, race, and sex. At the same time, the present study group, homogenous with respect to these demographic factors (and also occupation) showed as great a diversity in the mean concentrations of most constituents as was seen earlier in a larger, more heterogenous group of normal individuals. These findings indicate that certain blood parameters depend more on personal characteristics than on broad demographic factors.
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group vs. personal norms
A previous study (1, II) on sourcesof variation in normal blood chemistriesover a 3-month period pointed out that much of the variability seen in results from weekly samplings of blood from a normal individual could he attributed to analytic deviation.
In two types of test procedure-(a) those that measure substances closely regulated by the body (e.g., sodium, calcium, magnesium), and (b) those for which the techniques are known to be imprecise (eg., enzymes)-analytic deviation was often great enough to obscure completely the intraindividual fluctuations owing to biological or environmental causes ("personal" variation) . A significant proportion of such analytic variability appeared to arisefrom small day-to-day differences in laboratory procedure.
To eliminate this day-to-day variability, and thereby obtain more precise and accurate estimates of personal variation, a new study was so designed that all blood samples collected during a 3-month period could he analyzed at the same time. The same 15 constituents were measured as in the previous study (see Table 1 : sodium, potassium, -. . LDH3) and, in addition, alkaline phosphatase, creatinine, and GPT.
Study Design and Procedures

General
Since it was proposed to analyze all samples within one day, only a comparatively small number of individuals could be included in the new study.
Subjects were selected to be demographically homogenous so that intraand interindi-
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Collection Procedures and Analytic Design
Blood samples were collectedfrom these individuals once a week for ten weeks during the Fall of 1968. No restrictions were placed on the diets or activities of the subjects during the study except for overnight fasting before each day of sampling; in addition, subjects were allowed a 15 to 20 mm rest period in the sitting position immediately before blcod donation, which was done between 8:30 a.m. and 9:00 a.m., while the subjects were sitting.
Blood was drawn through a wide-bore needle into a 50-ml syringe. A tourniquet was used only to facilitate insertion of the needle into a vein in the antecubitalfossa.The blood was allowed to clot and then centrifuged within 1 h of collection. The separated serum was divided into two portions, each stored at -20#{176}C in a deep-freeze.Since all analyses were performed during one day after the last blood collection, storage time varied from a few weeks to several months. Priorto analysis, the samples were thawed and the contents of each tube thoroughly mixed to ensure homogeneity. For each subject, one set of samples was assayed in order of collection from Week 1 to Week 10, followedby the duplicatesetin the same sequence. When the AutoAnalyzer (Technicon Corp., Tarrytown, N.Y. 10591) was used, two samples of a laboratory pooled serum and a set of standards were run immediately beforeand afterthe subjects' samples. In addition, two samples from the same pool were analyzed between tile first and second set of duplicates.
In those analyses for which the AutoAnalyzer was not used, serum pools were interspersed with subject samples. Concentrations of all constituents in the laboratory pool were within accepted normal ranges.Results from the analyses of the pooled serum provided a measure of withinday analytic deviation (i.e., during a single working day). An estimate of day-to-day analytic deviation, comparable to that found in the previous study, was derived from daily analyses of another frozenserum pool used for quality assurance in the laboratory during the three-month period.
Chemical Methods
Most of the methods were those used during the latterpart of the previous study (1, I).However, calcium and magnesium analyses were made by a mechanized atomic-absorption flame photometric procedure (2). GOT, GP'F, and LDH activities were 
(4)
was used for the assay of GPT activity. Creatinine was measured on an AutoAnalyzer (5), as was alkaline phosphatase activity (6). The rate of analysis of sodium, potassium, chloride, and bicarbonate was increasedfrom 40 samples per hour (as in the previous study) to 60 samples per hour. Cholesterol was determined by a modificationfor pediatric analyses of the manual method used previously (7).
Results
General
Means and standard deviationsby testand subject are given in Table 1 and GPT as well. Interestingly, the earlier study showed a considerably smaller variance, on the average, between duplicates in sodium, magnesium, and calcium than obtained here. As noted above, this led to the earlier finding of a substantial day-to-day analytic variance component in these closely controlled blood constituents-a conclusion not confirmed in the presentstudy. Total analytic variance in sodium and calcium was essentially the same in both studies. In magnesium, however, the overall analytic variability appears to have been decreased (Table 3) .
During the latter part of the previous study, many methodological changes were made that often improved precision (eg., change from manual analysis to the AutoAnalyzer).
Further refinements and in some cases wholly new techniques have been introduced in the three years since that study was completed and the present one undertaken. For example, atomic absorption has replaced flame emission spectrophotometry as the method used to measure magnesium and calcium concentrations in blood samples. Table 3 shows the results of these changes in terms of the standard deviations of dailyserum pool analyses.
The immediate effectsof changes introduced toward the end of the previous study (col. 3) continued to be seen in the present data (col. 4). Improvernents in precision were maintained or even extended in measurements of phosphate, total protein, albumin, uric acid, sodium, potassium, carbon dioxide, urea nitrogen, glucose, and magnesium concentrations. Losses in precision after partial mechanization of LDH and GOT determinationswere largelyreversedbecause of the introduction of a special-purposeenzyme analyzer with automatic pipetting and on-line computation of results (3).
Biological Variance
Intrain dividual or "personal" variation. The design of this study eliminatedthe possibility that day-to-day or longer-term analytic deviation might affect measurements of blood constituents in normal individualsover an extended period of time. If it is assumed that there were no storage effects, the variance remaining after subtracting the variation between duplicates should represent only intraindividual or "personal" biological variance during the 10-week sampling period.
To test for systematic time trends (owing either to varying storage periods or real seasonal effects), the linear regression of mean concentration on week number was examined foreach constituentin each subject.In GPT, five of the nine regressions showed significant decreases of concentration with storage, making these data unsuitable for study of biological variance.
(No such changes in GPT were found in the series of daily serum pool analyses). (a subset of nine white males in the same age range as the subjects in the present study). This subset was selected to provide a check on the possibility that significant differences between Sp and Sp' might be attributable to the heterogenous age-sex-race composition of the 68
Earlier study subjects in the earlier study. Inlerindividual variation.
All 68 Selected
MEAN CONCENTRATIONS.
A measure of variation attributable solely to differences among individual mean values can he isolated through a composite analysis of variance of the data for each blood test from all subjects.
The operations involve the subtraction of average personal and analytic variance from the variance among subject means (see 1, II for details).
In Table 5 are listed estimates of the square root of the interindividual variance component, in threegroups of subjects:(a) the nine individuals in the present study, (b) all 68 subjects in the earlier study, and (c) the subset of nine individuals drawn from the 68 for comparison with the current group. The nine subjects in this study were, as mentioned above, of fairly uniform demographic characteristics.
Although they would be expected to show almost minimal interindividual differences in average concentrations of blood constituents, in most elements these individuals had a purely interindividualvariation that was as great or greater than that found among the diversegroup of 68 subjects studied earlier.
Values of 8G were significantly larger in the present study for sodium and potassium, and at about the same level for calcium, phosphate, carbon dioxide, magnesium, urea nitrogen, and cholesterol.Interindividual variation was slightly less for chloride, and decreased more substantially for total protein, albumin, uric acid, glucose, GOT, and LDH. The subset of nine subjects from the earlier study, selected for their comparability on age, race, and sex, showed general agreement with the overallgroup of 68, except for cholesterol and LDH. Among the present group of individuals, percentage variation in alkaline phosphatase appeared remarkably high. In an earlier paper (1, III), Cotlove introduced an index of "tolerable analytic variation," defined as one-half the estimated biological variability, or 0.5 (sf2 + sG).
Using results from the current study, Table 6 Table 3 we noted substantial improvements in the analytic precision of these tests, as judged from routine serum analyses.
Day-to-day variance was still notably evident in determinations of enzymes and carbon dioxide in pooled sera. No systematic trends were observed. The use of different bottles of NADH each day may have accounted for part of the day-to-day variation. The low levels of serum GOT activity may have also contributed to difficulties in analysis, and hence to day-to-day variability in this measurement. (Tables 2 and 4 ). Similar findings obtained in the earlier study of normal subjects
Biological Variation
(1). In sodium, however, the present set of subjects showed a substantially higher degree of personal variation, on the average, than did the earlier group. In that study, average personal variation in serum sodium concentrations appeared too small to be estimated. This result was probably an artifact owing to an unrealistically high estimate of day-to-day analytic variance.
Whether the current estimate of personal variation in sodium (1.7% of the mean level) is fairly representative remains to l)e settled in future studies.
Since current estimates of analytic deviation in chloride determinations were almost identical to those found in the previous study, the significantly higher estimate of average personal variation in chloride observed here probably reflects real biological differences between the two groups of subjects. Interestingly, this difference was even greater when the present group was compared with the subset of the earlier subjects matched for age-class, race, and sex. The significantly smaller estimates of personal variation in cholesterol and LDH found among the present subjects similarly represent real differences between the two groups with respect to the amount of intraindividual physiological fluetuations.
Again, the matched subset showed no closer agreement with the present sample of individuals.
This study has drawn attention to a remarkable diversity among normal individuals of the same age-class, sex, race, and even occupation with respect to (a) mean level and (b) intraindividual variability in the concentrations of many common blood constituents.
The implication is clear that such variations arise, in part at least, from unique, personal characteristics rather than broad demographic factors. In his pioneer studies in this field, Williams (9) attributed many of the differences in blood concentrationsamong normal individualsto genetic background.
It is probable, however, that other personal characteristics such as dietary habits or activity strongly influence both intraindividualvariance and mean levels. For example, serum cholesterol (10) and urea nitrogen (11) concentrations are known to he influenced by diet. Cholesterol and uric acid concentrations also depend on the general level of activity of the individual (12) . Neither in this study nor the previous one were restrictions placed on diet or exercise prior to the day of blood collection.
To determine quantitatively the effects of such personal characteristics on means and variances in the concentrations of blood substances, future studies will have to be performed under much more closely controlled conditions within a clinical environment. Such studiesmay have to be limited to small numbers of carefullyselectednormal individuals,each of whom is subjected to a succession of controlled dietary and exercise regimens. The nature and extent of periodic (e.g., circadian) rhythms in blood constituents should be studied concurrently,if possible.Only through such in- 
